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The factors which control the sex cycle of vertebrates are becoming

increasingly clear as a result of numerous investigations. There is

gratifying agreement, among all workers on animals above fishes in the

evolutionary scale, that the pituitary gland plays a dominant role in

the direct control of periodic changes that occur in the gonads and

associated sexual organs. Control of the sexual cycle in fishes, how-

ever, is little understood. Efforts to determine the role which the

pituitary gland may play in controlling this cycle have yielded con-

flicting results, particularly with reference to the effect of injecting

mammalian pituitary extracts or pituitary-like preparations. Thus

Calvet (1932) and Damas (1933) succeeded in stimulating the ovaries

of lampreys with prolan and extracts of the mammalian pituitary gland ;

Boucher, Boucher and Fontaine (1934) obtained an enlargement of

the gonads of both sexes in eels which were injected with pregnancy

urine and saw evidence of maturation of sperm in the testis; and

Morosowa (1936) found that when either pregnancy urine or prolan

was injected into perch, laying of eggs and ejaculation of sperm could

be produced at any time during the winter. On the contrary Koch

and Scheuring (1936) using prolan, Matthews (1939) with injections of

sheep pituitary extract and Johnson and Riddle (1939) employing

three different mammalian extracts, all of which were shown to be

active in stimulating the gonads of birds and mammals, obtained no

such effect when these materials were injected into fishes. Fairly

uniform results have been obtained, however, by injecting fish pitui-

tary preparations into other fishes. Houssay (1930, 1931), Cardoso

(1934), Pereira and Cardoso (1934), von Ihering (1935), and Azevedo,

Dias and Vieira (1938) have all observed that the injection of saline

suspensions or extracts of fish pituitary glands into other fishes resulted

in an enlargement of the gonads and frequently in expulsion of eggs and

sperm as well. In the work of von Ihering and of Azevedo, Dias and

Vieira mating activities were also elicited in this way. More recently
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Hasler, Meyer, and Field (1939) found that when pituitary extracts of

carp were injected into trout, mature eggs and sperm were produced
six to seven weeks before the normal breeding season. Further evi-

dence that the pituitary gland may be of importance in controlling

changes in the gonads of fishes has been obtained by removing the

gland. Vivien (1938, 1939) found that after removal of the hypoph-
ysis from Gobius marked regressive changes occurred in both testis

and ovary; and Matthews (1939) showed that when male Fundulus

were hypophysectomized and kept until the next breeding season the

testes did not enlarge and become active as did those of control

animals, and that no sperm and very little spermatogenic activity were

present in the operated animals.

Work so far carried out on fishes, then, indicates that the fish

pituitary gland contains some material capable of modifying the normal

sex cycle, and suggests that in these forms, as in other vertebrates, the

hypophysis is of importance in controlling changes in the gonads and

associated organs. If this be true, then the injection of teleost

pituitary extracts or the implantation of fresh preparations might be

expected to produce an effect on the gonads of sexually immature

animals, stimulating them to develop earlier than they normally
would. The following is a report of experiments carried out on sex-

ually immature individuals of Fundulus to determine whether or not

precocious development of the gonads could be produced in this way.
An adequate supply of small Fundulus was collected in the small

salt water streams on Penzance Point, at Woods Hole, by means of a

small trap. A number from each group collected were killed im-

mediately and their gonads examined. Of 136 animals examined in

this way, ranging in length from 22 to 40 mm. from the tip of the

snout to the base of the caudal fin, only 4 of the 65 males (lengths 32,

34, 39 and 40 mm.) showed whitish, active testes with sperm in fresh

smear preparations, characteristics of the adult male during the breed-

ing season. The remaining 61 males had testes that were definitely

inactive. All 71 of the young females showed only small ovaries with

no large follicles. Obviously the vast majority of these small animals

were sexually immature

Attempts were made to stimulate the gonads of these immature
animals in two ways. In the first series of experiments the pituitary

gland of a sexually mature Fundulus was implanted into the eye of an

immature animal. From the success achieved with this method in

mammals it was hoped that the transplanted gland would maintain

itself and provide a continuous supply of any hormones produced by it

to the host. From July 25th to August 5th 95 such implants were
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made. The animals were kept in tanks provided with running sea

water and a number of untreated young animals were placed in ad-

jacent tanks for controls. Both groups were fed two or three times a

week with fresh clam meat. Three experimental animals with controls

of the same lengths were killed, two four weeks after implantation of

the adult hypophysis and one five weeks following this operation. Of

two experimental females only one showed a marked enlargement of

the ovary over those of the controls, but microscopic sections showed
that in both animals the ovarian follicles and their contained eggs were

much larger than those of the control ovaries and that they were

provided with larger amounts of vesicular yolk. The testis of the

implanted male was also large, was whitish in color, and showed many
sperm both in fresh smears and in microscopic sections; while that of

the control male, like that found in the majority of untreated males

of this size, was small, practically colorless and showed no sperm.
The implanted pituitaries were recovered from the male and from one

of the females. Sections of them showed fairly normal cells. In only
one of them (that of the male) could blood vessels be traced from the

tissues of the eye to the implanted gland.

The remaining animals were lost in an attempt to transport them
from Woods Hole to Williamstown at the end of the summer.

The following summer a second series of the same sort was run.

During the last week in July implants of adult hypophyses were made
into the right eyes of 185 young animals, with 112 others serving as

controls. For some undetermined reason there was a high mortality
in this series. Only 12 males and 12 females of the experimental
animals and 38 males and 37 females of the controls were still alive

during the first week in September when they were killed and ex-

amined. In the females no effect of the implants on the ovary was

observed in any case. Of the experimental males only 1 animal, 32

mm. in length, showed an active testis. The implanted pituitary

glands were recovered from a number of these animals. Differences

between them and the glands recovered from the previous series, where

a certain amount of stimulation of the gonads had apparently oc-

curred, were not striking, although in this latter series the cells were

somewhat more shrunken and fewer granules were present in the

cytoplasm.

Thus of the 27 young animals examined after implanting an adult

pituitary gland into the eye, increased activity of the gonads over those

of controls wr as apparent in only four. Since untreated animals of this

size occasionally show similar development of the gonads (as in the

four males with active testes mentioned earlier), it was certainly not
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clear that the observed increase in activity of the gonads of these 4

experimental animals had been produced as a result of the implantation

of the adult gland. In fact, the failure of the other 23 cases to show

any effects suggested rather that the implanted glands lacked effective

sex-stimulating hormones. It was possible, however, that the trans-

planted glands did not establish themselves successfully in the eye and

that as a result such hormones as they might normally produce were

delivered to the circulation for too short a time to be effective. In

order to determine which of these possibilities was correct a second

method of implanting the adult gland was employed. Preliminary

experiments showed that when the pituitary gland of an adult was

placed in the peritoneal cavity of a sexually immature animal through

a small slit in the body wall the gland could be recovered in an ap-

parently normal condition four or five days later. Twenty-seven

young animals were treated in this way. Since the sex of the young
animals could not be distinguished, no attempt was made to select

the sex of the donors. As in the previous series the experimental

animals and controls of appropriate sizes were kept in running sea

water in adjacent tanks, both being fed twice a week with fresh clam

meat. At three-day intervals each of the experimental animals re-

ceived a fresh pituitary gland from an adult animal. Such serial

implants should provide the immature animal with a fairly constant

supply of whatever hormones might be liberated by the adult gland.

These animals withstood the handling necessitated by the operations

very well. The series was begun on August 8th and ran until Sep-

tember 3rd, during which time only three of the experimental animals

died. Records were thus obtained on 24 animals, 10 females and 14

males. In every case the gonads of the experimental animals were

much larger and more mature than those of the controls. The females

showed not only an increase in size of the whole ovary (Fig. 1) but a

marked increase in size and maturity of the eggs (Figs. 2 and 3).

The effects on the males were even more marked. The testes of all

experimental animals were white and very active, with a high degree
of spermatogenic activity as shown in microscopic sections (Figs. 4,

5 and 6). Moreover, in these experimental males the dorsal fin had a

prominent black pigment spot which several workers (Newman,
1908; Chidester, 1917; Parker and Brower, 1935) have shown is

associated with sexual activity in adult males (Fig. 7).

From these experiments it is clear that when pituitary glands of

sexually mature Fundulus are implanted into an immature animal in

such a way as to provide a continuous supply of fresh gland material,

pronounced stimulation of the gonads of both sexes is produced. The
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evidence obtained from these experiments coupled with that previously
obtained by removing the gland in adult males indicates that the

pituitary gland of Fnndulus, like that of vertebrates above fishes in

the evolutionary scale, contains a sex-stimulating substance, pre-

sumably a hormone, which is of importance in controlling the develop-
ment and subsequent seasonal changes in the gonad of this teleost.
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FIG. 1. Ovaries of young Fnndulus, X2.5. N, ovary of normal animal, 32 mm.
long; E, ovary of female of same length which had received six adult pituitary glands
over a period of 26 days.

FIG. 2. Cross-section of normal ovary shown in Fig. 1, X25.
FIG. 3. Cross-section of experimental ovary shown in Fig. 1, X25.
FIG. 4. Testes of young Fnndulus, X2.5. N, testis of normal animal, 37 mm.

long; E, testis of male of same length which had received six adult pituitary glands
over a period of 26 days.

FIG. 5. Cross-section of normal testis shown in Fig. 4, X45.
FIG. 6. Cross-section of experimental testis shown in Fig. 4, X45.
FIG. 7. Experimental male, 23 mm. long, in which the testis had been activated

by implanting adult pituitary glands. Note pigment spot on dorsal fin.
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That this is true of other teleosts as well is indicated by the work on

other forms already reviewed. The evidence is quite clear that the

teleost pituitary gland, when suitably injected or implanted, will

stimulate activity in the gonads of other fishes. While the evidence

obtained from injecting mammalian pituitary preparations is not as

clear because of conflicting results, certainly most of the recent work

shows that such mammalian preparations are either relatively or

completely ineffective in producing gonadal stimulation in fishes.

These facts suggest that a certain degree of zoological specificity of the

pituitary hormones may exist, a point of view which has recently been

discussed at some length by Creaser and Gorbman (1939). In this

connection it is of interest to note that mammalian sexual hormones

of both sexes, unlike mammalian pituitary preparations, have pro-

duced quite consistent results. Thus Fleischman and Kann (1932)

showed that the injection of progynon into adult Rhodeus during the

inactive period of the sexual cycle led to development of the oviduct

comparable to that found during the breeding season; Berkowitz

(1937, 1938) also showed that the feeding of progynon tablets to

Lebistes, beginning at birth, caused a suppression of male secondary
sexual characters and a marked suppression of spermatogenic activity,

without, however, producing any effect on the secondary sexual

characters of the female; and Eversole (1939) showed that the injection

of testosterone propionate into Lebistes suppressed both body growth
and ovogenesis in the female and induced the development of some

male secondary sexual characters; while Regnier (1939) caused male

secondary sexual characters to appear in females of both Lebistes and

Xiphophorus and produced degenerative changes in the ovary by

injecting testosterone propionate or merely by adding it to the water

of the aquarium in which the animals were kept. Whatever factors

are responsible for the lack of response met with when mammalian

pituitary preparations were applied to fishes apparently do not apply
to mammalian estrogenic and androgenic substances.

SUMMARY

Pituitary glands of adult Fiindulus were implanted into the eyes

of sexually immature animals. Of twenty-seven cases examined

several weeks after operation the gonads of only four showed greater

activity than did those of control animals.

In another series of experiments adult pituitary glands were im-

planted at three-day intervals into the peritoneal cavity of immature

Fundulus. At the end of four weeks all twenty-four experimental
animals of both sexes showed a high degree of gonadal stimulation.
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This was particularly notable in the males where large numbers of

mature spermatozoa and pigmentation characteristic of the adult

during the breeding season were produced. The success of this

method of implantation, which continuously supplied the young
individual with fresh gland material, indicates that the failure in most

cases of the method employing in tra -ocular implants was due to a

failure of the implanted gland to establish itself successfully so that it

provided an inadequate supply of gonad-stimulating substances to the

host.

The precocious development of the gonads produced by implanting
the adult pituitary gland strongly suggests that the normal develop-
ment of the mature condition of the gonad in Fundulus is controlled

by the pituitary gland.
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